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Preface i

PREFACE

Dear Q-Chem User,

As the 1990's draw to a close, we are witnessing unprecedented activity within the
Q-Chem Project. | am pleased to report that the solid growth that we enjoyed during
1998 has continued into 1999 and | am especially happy to announce that our strengths
have now been enhanced by the addition of Prof. John Pople (Northwestern University)
to Q-Chem's Board of Directors. Prof. Pople's name is familiar to all guantum chemists
and his receipt of the 1998 Nobel Prize for Chemistry was a fitting testimony to his
numerous contributions to the subject over the past 50 years. We are thrilled by the
confidence that he has placed in Q-Chem and we look forward enthusiastically to the
scientific and corporate contributions that he will make within the leadership of the
company. Prof. Pople joins Prof. Fritz Schaefer (University of Georgia) and Mr John
Stott (Eastside Holdings Ltd), whom we were lucky enough to attract to the Board last
year. Itis very reassuring to be guiding Q-Chem forward in partnership with men of
such stature and experience.

Our mission is to provide the fastest, most innovative and most useful Quantum
Chemistry software package available and our pursuit of this goal has been refreshed
and invigorated by this recent expansion in Q-Chem's intellectual leadership. When one
combines this with the ongoing research efforts led by Jing Kong (Q-Chem, Inc.), Tom
Furlani (SUNY, Buffalo), Peter Gill (Cambridge) and Martin Head-Gordon (UC,
Berkeley), it becomes clear that Q-Chem is strongly positioned to lead the development
of quantum chemistry software into the third millennium.

Q-Chem's status at the cutting edge of theoretical and computational development
continues to be acknowledged by a variety of funding bodies. During 1998, we
completed our NSF-funded KWIK project to devise a new approach to the rate-limiting
step in DFT calculations. This year we will complete our USAF-funded Local
Correlation project to develop techniques for rapid MP2 and CCSD calculations. We
are about to embark upon an NSF-funded Gridless DFT project to develop analytically
integrable density functionals and we also anticipate that we will continue our ongoing
NIH-funded Parallel Q-Chem project to develop and implement code for shared- and
distributed-memory machines. It is extremely exciting to watch projects like these evolve
in a few years from back-of-the-envelope infancy to full-fledged maturity in a released
version of the Q-Chem package.

To show our appreciation for your continued support and to celebrate Prof. Pople’s
decision to join Q-Chem, we are providing complimentary upgrades to Q-Chem 1.2 for
all of our users. | should point out that the license for the Q-Chem 1.2 software is



identical to that for your existing Q-Chem 1.1 software and, therefore, if you are an
existing Q-Chem customer you do not need to contact Q-Chem Inc. for a new license.

We are grateful to a number of our customers and testers who told us about bugs in
Q-Chem 1.1. We rely on such feedback to help us improve our package and Q-Chem 1.2
corrects a number of bugs that were in earlier versions. In addition, Q-Chem 1.2

includes the following new features:

* Analytical second derivatives for CIS theory.

Users can now compute the vibrational frequencies of molecular excited states at the
CIS level. We thank Dave Maurice for his hard work and ingenuity in developing this
functionality.

» Coulomb-attenuated (CASE) calculations.

Users can now investigate the effects of Coulomb attenuation on theoretical model
chemistries. We thank Ross Adamson for interfacing his efficient CASE package to
Q-Chem.

* Geometry Optimization with General Constraints.

Users can now specify constraints in a number of ways that are completely general.
We thank Jon Baker for assisting us with the interface between his OPTIMIZE
package and Q-Chem.

We expect that you will find Q-Chem 1.2 a useful addition to your software collection

and we hope that you will want to maintain your competitive edge by acquiring future
versions of the code. Within the next few months, we plan to release versions of Q-Chem
with analytical DFT frequencies, effective core potentials (pseudopotentials) and coupled
cluster theory. We will also soon release the first parallel version of Q-Chem.

Have you considered joining the Q-Chem Membership Plan (QMP)? This is the
successor to our popular Maintenance Scheme (QSMS) and was introduced at the
beginning of this year. For an annual membership fee (40% of the original purchase
price of the software), members of the scheme have priority access to Q-Chem's free
email support service (support@g-chem.com) and automatically receive free upgrades to
all future releases of their version of the Q-Chem software. For further information

about membership, browse www.q-chem.com or write to info@g-chem.com

Yours sincerely,

Peter M.W. Gill
President
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CHAPTER 1 INTRODUCTION

1.1 ABOUT THIS MANUAL

This manual is intended as a general purpose user’s guide for Q-Chem, a modern
electronic structure program. The manual contains background information that describes
Q-Chem methods and user-selected parameters. It is assumed that the user has some
familiarity with the UNIX environment, an ASCI| file editor and a basic understanding

of quantum chemistry.

The manual is divided into nine chapters and four appendices which are briefly
summarized below. After installing Q-Chem and making necessary adjustments to your
user account, it is recommended that particular attention be given to Chapters Three and
Four. The latter chapter has been formatted so that advanced users can quickly find the
information they require, while supplying new users with a moderate level of important
background information. This format has been maintained throughout the manual, and
every attempt has been made to guide the user forward and backward to any relevant
information in each section so that a logical progression through this manual, while
recommended, is not necessary.

1.2 CHAPTER SUMMARIES

Chapter 1:  General overview of the Q-Chem program, its features and capabilities,
the people behind it and contact information

Chapter 2:  Procedures to install, test and run Q-Chem on your machine

Chapter 3:  Basic attributes of the Q-Chem command line input

Chapter 4:  Running calculations using the many ground state methods available to
Q-Chem users

Chapter 5:  Running excited state calculations

Chapter 6:  Using Q-Chem'’s built-in basis sets and running user-defined basis sets

Chapter 7.  Options available for determining potential surface critical points such as
transition states and local minima

Chapter 8:  Techniques available for computing molecular properties and performing
wavefunction analysis

Chapter 9:  Important customization options available to enhance user flexibility

Appendix A: OPTIMIZE package used in Q-Chem for determining Molecular
Geometry Critical Points

Appendix B: Q-Chem’s AOINTS library, which contains some of the fastest two-
electron integral codes currently available

Appendix C: $remvariable reference

Appendix D: Sample input files (a sample file is provided for most major Q-Chem
functions; these files are also available in the release material)
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1.3 CONTACT INFORMATION

1.3.1 (ENERAL INQUIRIES AND SALES

For general information regarding broad aspects and features of the Q-Chem program,
see Q-Chem’s WWW home page (http://www.q-chem.com). Alternatively, contact
Q-Chem, Inc. headquarters:

Q-Chem, Inc.

Four Triangle Lane

Suite 160

Export, PA 15632-9255

Telephone: (724) 325-9969
Fax: (724) 325-9560
email: sales@qg-chem.com

support@g-chem.com
info@q-chem.com

1.3.2 QJSTOMER SUPPORT

Full customer support is promptly provided though telephone or email for those
customers who have purchased Q-Chem’s maintenance contract. The maintenance
contract offers free customer support and discounts on future releases and updates. For
details of the maintenance contract see Q-Chem’s home page (http://www.q-chem.com).

1.4  Q-CHEM, INC.

Q-Chem, Inc. is based in Export, Pennsylvania and was founded in 1993. The board of
directors includes leading quantum chemistry software developers - Martin Head-Gordon
(Berkeley), Peter Gill (Cambridge), Fritz Schaefer (Georgia) and John Pople
(Northwestern). Together with their collaborators, they created Q-Chem, the first
commercially available quantum chemistry program capable of analyzing large structures
in practical amounts of time.

In order to create this technology, the founders of Q-Chem, Inc. built entirely new
methodologies from the ground up, using the latest algorithms and modern programming
techniques. Since 1993, well over 20 man-years have been devoted to the development of
the Q-Chem program.

Although the task of starting over is difficult, it enabled the developers to use the latest
breakthroughs in Object Oriented Programming (OOP) to implement a revolutionary new
program structure. With scientists worldwide expressing a need for more advanced
capabilities to solve their ever more complex problems, Q-Chem, Inc. are confident that
Q-Chem will become the leading quantum chemistry software program entering the new
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millennium. Q-Chem, Inc. is positioning itself to become the new leading quantum
chemistry software developer.

1.5 ComMPANY MISSION

The mission of Q-Chem, Inc. is to develop, distribute and support innovative quantum
chemistry software for industrial, government and academic researchers in the chemical,
petrochemical, biochemical, pharmaceutical and material sciences.

1.6 Q-CHEM FEATURES

Quantum chemistry methods have proven invaluable for studying chemical and physical
properties of molecules. The Q-Chem system brings together a variety of advanced
computational methods and tools in an integratechitio software package, greatly
improving the speed and accuracy of calculations being performed. In addition, Q-Chem
will accommodate far large molecular structures than previously possible and with no
loss in accuracy, thereby bringing the power of quantum chemistry to critical research
projects for which this tool was previously unavailable.

1.6.1 CAPABILITIES

* Most advanced SCF single point energy capability currently available
¢ Linear scaling computation for all SCF theoretical methods
¢ Ultra-fast integral computation
¢ Efficient convergence acceleration methods
* Automated Geometry and Transition Structure Optimization
¢ Optimizes in Cartesian, Z-matrix or delocalized internal coordinates
¢ Eigenvector Following (EF) algorithm for minima and transition states
¢ GDIIS algorithm for minima
¢ Can impose bond angle, dihedral angle (torsion) or out-of-plane bend
constraints
¢ Freezes atoms in Cartesian coordinates
¢ Desired constraints do not need to be satisfied in the starting structure
¢ Geometry optimization in the presence of fixed point charges
* Vibrational Spectra
» Electronic Excitation Spectra
¢ Excitation energies calculated at the CIS, RPA, XCIS and CIS(D) levels
¢ Transition moments and oscillator strengths
¢ Visualizationvia attachment-detachment analysis at the CIS level of theory
» Electrostatic potentials
» Molecular Orbital and Density Plotting
» Seamless integration with supported GUI plotting facilities
* Natural Bond Orbital Analysigia NBO



Chapter 1: Introduction

1.6.2 THEORETICAL METHODS

Continuous Fast Multipole Method (CFMM)
¢ Linear-cost calculation of Coulomb interactions
¢ FindsexactCoulomb energy; no approximations are made
QCTC
Hartree-Fock Theory
¢ Automated optimal blend of in-core and direct SCF methods
¢ Fast exchange algorithms for large molecules (ONX and LinK)
Local and Gradient-Corrected DFT functionals
¢ Slater, Becke, GGA91 and Gill ‘96 exchange functionals
¢ VWN, PZ81, Wigner, Perdew86, LYP and GGA91 correlation functionals
¢ EDF1 exchange-correlation functional
¢ Linear cost XC algorithm (CPU and memory) for large molecules
Hybrid DFT Methods
¢ B3LYP
¢ B3P
¢ User-definable hybrids
MP2 Perturbation Theory
¢ Energyvia direct and semi-direct methods
¢ Analytical gradienvia efficient semi-direct methods
¢ Proper treatment of frozen orbitals in analytical gradients
¢ Excited states treateda the CIS(D) method
CIS, RPA, XCIS, CIS(D) Methods for Excited States
¢ Restricted, unrestricted and restricted open-shell CIS supported
¢ Energies, gradients and second derivatives available for restricted and
unrestricted CIS with energies available for all other methods
CIS implementations are direct methods designed for large molecules
CIS uses full non-Abelian symmetry
CIS(D) treats electron correlation effects on electronic transitions
Efficient direct and semi-direct implementation of CIS(D) makes the cost of
this method (per state) similar to MP2
¢ Can restrict calculation to user-specified states only
AOINTS package for Two-Electron Integrals
¢ Incorporates the latest advances in high performance integrals technology
¢ COLD PRISM
¢ J Matrix engine

SO

1.7 HIGHLIGHTED FEATURES

Developed by Q-Chem, Inc. and its collaborators, fundamental features include COLD
PRISM, CFMM, CIS(D), QCTC/ONX and OPTIMIZE packages. The features, which
are highlighted below, are elaborated in later relevant sections.
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1.7.1 THEORETICAL ADVANCEMENTS

COLD PRISM

The COLD PRISM is the latest in a number of high performance two-electron integral
algorithms developed by Peter Gill and his collaborators at Massey University and the
University of Cambridge. The development of COLD PRISM began with the realization
that all methods for computing two-electron integral matrix elements involve four steps
(represented by the COLD acronym), namely - contraction (C), operator (O), momentum
(L) and density (D). This has culminated in the unification and augmentation of the
previous PRISM and J engine methodologies into a generalised scheme, for the
construction of two-electron matrix elements from shell-pair data.

Continuous Fast Multipole Method (CFMM)

One of the main driving forces in the evolution of Q-Chem is the implementation of the
Continuous Fast Multipole Method (CFMM) developed by Chris White at the University
of California at Berkeley. This enables Q-Chem to calculate the electronic Coulomb
interactions (the rate-limiting step in large DFT calculations) in less time than other
programs, and the time saved actually increases as the molecule becomes larger.

CIS(D)

The CIS(D) method developed by David Maurice, Manabu Oumi and Martin Head-
Gordon at the University of California at Berkeley has been implemented for a correlated
treatment of electronic transitions. With an efficient direct and semi-direct
implementation of CIS(D), the computational cost of this method per excited state is
similar to that of an MP2 calculation. CIS(D) is a useful methodlbanitio calculations

of electronic excitations in large radicals.

QCTC/ONX

Conventional HF and Hybrid HF/DFT calculations are limited by calculation of both
Coulomb and exact exchange matrices. Q-Chem includes the quantum chemical tree code
(QCTC) for linear scaling calculation of the Coulomb matrix and ONX for rapid
computation of the exact exchange matrix. The algorithms, developed by Matt
Challacombe and Eric Schwegler at the University of Minnesota, are numerically
equivalent to conventional integral-based algorithms, but scale linearly for complicated
insulating systems like water clusters and protein molecules.

OPTIMIZE

The Q-Chem program incorporates the latest version of Jon Baker's OPTIMIZE package,
containing a suite of state-of-the-art algorithms for geometry optimization including the
extremely efficient delocalized internal coordinates. Dr. Baker wrote the optimization
algorithms in the Spartan package and the optimization code in the Biosym-distributed
versions of DMol, Turbomole and Zindo.
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1.7.2 RAPHICAL USERINTERFACE (GUI)

HyperChem

HyperChem special Release 4.5 from HyperCube, Inc. defines a GUI for Q-Chem using
the new Chemist Development Kit (CDK). Powerful modelling features allow for the
rapid creation of molecular structures to be used as input data. This GUI allows the user
to prepare Q-Chem input files quickly and efficiently without resorting to low level input
file manipulation. HyperChem can monitor Q-Chem’s computational analysis
interactively and can graphically interpret Q-Chem'’s results including molecular orbitals,
electron densities, UV-vis spectra and normal modes of vibration.

* Molecular orbitals

» Electron densities

* Vibrational spectra

* Electronic spectra

Unichem

Unichem™ from Oxford Molecular Group provides users with a single point of access to
the entire simulation process. This product includes a molecular builder, an easy-to-use
job setup and launch capability, an interactive job monitor and comprehensive analysis
capabilities including the ability to display such results as:

* Molecular orbitals

» Charge and spin densities

» Transition densities

* Vibrational spectra

1.8 (QURRENT DEVELOPMENT AND FUTURE RELEASES

All details of functionality currently under development, information relating to future
releases, and patch information are regularly updated on the Q-Chem web page
(http://lwww.g-chem.com). Users are referred to this page for updates on developments,
release information and further information on ordering and licenses. For any additional
information, please contact Q-Chem, Inc. headquarters.

1.9 QTING Q-CHEM

The official Q-Chem citation for this release is:

C.A. White, J. Kong, D.R. Maurice, T.R. Adams, J. Baker,

M. Challacombe, E. Schwegler, J.P. Dombroski, C. Ochsenfeld,

M. Oumi, T.R. Furlani, J. Florian, R.D. Adamson, N. Nair, A.M. Lee,
N. Ishikawa, R.L. Graham, A. Warshel, B.G. Johnson,

P.M.W. Gill and M. Head-Gordon, Q-Chem, Version 1.2,

Q-Chem, Inc., Pittsburgh, PA (1998).
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CHAPTER 2 INSTALLATION

2.1 Q-CHEM INSTALLATION REQUIREMENTS

2.1.1 SDFTWARE
Q-Chem is provided already compiled and ready to run on your system.

The software required to run Q-Chem on your platform is minimal and includes:

» asuitable operating system

» FORTRAN, C++, BLAS, LAPACK runtime libraries (usually provided with your
operating system)

+ the Q-Chem installation media

2.1.2 (OPERATING SYSTEM

Q-Chem has been optimized to run under the following operating systems:
« Cray UNICOS 8&9

 DECOSF/1v3.2&Vv4.0

* IBMAIX4.1-3

« SGIIRIX 6.2-5

e Solaris 2.6
e UXP/V V10L20 X97121
e Linux

If you are unsure if Q-Chem will operate with your current operating system, or if you
have another version of any of the above, consult the Q-Chem home page for an update
of available operating systems, or contact Q-Chem’s customer support. It maybe possible
to provide a version to match your specific configuration.

2.1.3 INSTALLATION MEDIA

Q-Chem is shipped on CD-ROM.
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2.1.4 HARDWARE

Platforms

Q-Chem has been optimized for a number of computer platforms including:
* (C90 and T3E Cray Supercomputers

« 02, Indigd, Octane, Origin, Onyx and Challenge Series SGI workstations
* IBM RS/6000 workstations

 IBM SP2
» DEC Alpha workstations
« DEC 8400

* UltraSPARC SUN workstations

* Fujitsu VPP

* Intel

» Others may be available on request

Consult the Q-Chem home page for updates of specific platform availability or contact
Q-Chem’s customer support service.

Memory

Q-Chem, Inc. has endeavoured to minimise memory requirements and maximise the
efficiency of its use. A workable minimum amount of memory is about 16 MB, but
upwards of 64 MB dramatically increases performance and the scope of application.
Q-Chem also offers the ability for user control of important memory intensive aspects of
the program, an important consideration for non-batch constrained multi-user systems.

Disk

The Q-Chem executables, shell scripts, samples and release notes require approximately
80-100 MB of disk space, depending on the platform. In order to maximise the
capabilities of your copy of Q-Chem, additional disk space is required for scratch files
created during execution; these are normally automatically deleted on termination of a
job. The amount of disk space required for scratch files depends on the type of job, the
size of the molecule and the basis set chosen. Around 100 MB would suffice for low-
level single-user systems. Ideally, multiple-user systems and large molecule calculations
require dedicated scratch filesystems. The default Q-Chem output, which is printed to the
designated output file, is usually only a few KB’s. This will be exceeded, of course, in
difficult geometry optimizations, and in cases where users invoke non-default print
options.

2.2 INSTALLING Q-CHEM

Users are referred to the installation guide supplied with the installation media for
installation instructions pertinent to the release and platform. Should any difficulties arise
during installation, please refer to the Q-Chem website (http://www.q-chem.com, FAQ'’s,
telephone and facsimile numbers) or directly contact Q-Chem customer support (email:
support@qg-chem.com) for assistance.
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2.3  LICENSE REQUIREMENTS

In order to run Q-Chem you must obtain the necessary encrypted license password file.
The license consists of two files. Place these files, filengtiesm.license.dand
gchem.auxin the$QCAUX/licensalirectory.

Do not alter these files unless directed by Q-Chem, Inc.

2.4 ENVIRONMENT VARIABLES
Q-Chem requires four shell environment variables in order to run calculations.

QC defines the location of the Q-Chem directory structure. The
gchem.instalshell script determines this automatically.

QCAUX defines the location of the auxiliary information required by Q-Chem,
which includes the license required to run Q-Chem. This defaults to
$QC/aux The user may redefine this location.

QCSCRATCH  defines the directory in which all scratch files will be placed during a
run. Note that many of the files become quite large for any given run,
and it should be ensured that sufficient disk space is available.
Abnormally terminated jobs, and jobs invoked with three arguments
(saves key files between runs), may require extra disk space. The
QCSCRATCHiirectory should be periodically checked for scratch
files remaining from abnormally terminated joRCSCRATCH
defaults to the working directory.

QCPLATFORM defines the nature of the platform on which Q-Chem will be run and is
used to optimize operating performance. This is determined by the
install shell scriptdQC/qchem.installThe currently supported
options are:
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Platform Identifier Platform Operating System

CRAY_C90 Cray Supercomputer UNICOS 8 &9

CRAY_T3E Cray Supercomputer UNICOS 8 &9

DEC_ALPHA Digital OSF/1v3.2 & 4.x

DEC_PMAX Digital OSF/1v3.2 & 4.x

FUJITSU_VP Fujitsu Supercomputer UXP/V

IBM_SP2 IBM SP2 AIX 4.x

IBM_RS6K IBM RS/6000 AIX 4.x

SGI_IRIX64 Silicon Graphics IRIX 6.2-5

SUN_SOLARIS SUN Sparc Solaris 2.6

LINUX_Ix86 Intel Linux (with glibc)

Table 2.1 $QCPLATFORMvariables relating to specific platforms and

operating systems.

2.5 USERACCOUNT ADJUSTMENTS

In order for individual users to run Q-Chem, their user environment must be modified as

follows:

» User file access permissions must be set so that the user can read, write and execute
the necessary Q-Chem files. It may be advantageous to create a Q-Chem User’s
UNIX group on your machine and recursively change the group ownership of the
Q-Chem files to that of the new group.

» Afew lines need to be added to user login files or to the system default login files.
The Q-Chem environment variables need to be defined and the Q-Chem set up file
needs to be initiated prior to use of Q-Chem (once, on login).
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25.1 EAMPLE LOGIN FILE MODIFICATIONS

For users using the csh shell (or equivalent), add the following lines to their home
directory.cshrcfile:

#reexx - Q-Chem Configuration Begin *****

setenv QC directory_name

setenv QCAUX directory_name

setenv QCSCRATCH directory_name

setenv QCPLATFORM platform_identifier

if (-e ${QC}/bin/qchem.setup) source ${QC}/bin/gchem.setup
unset noclobber

#reexk - Q-Chem Configuration End *****

For users using the Bourne shell (or equivalent), add the following lines to their home
directory.profile file:

#reexk - Q-Chem Configuration Begin *****
QC-=directory_name; export QC
QCAUX=directory_name; export QCAUX
QCSCRATCH=directory_name; export QCSCRATCH
QCPLATFORM=platform_identifier; export QCPLATFORM
noclobber=""
if [ -e ${QC}/bin/gchem.setup.sh ] ; then

. ${QC}/bin/gchem.setup.sh
fi
#reek - Q-Chem Configuration End **+**

Alternatively, these lines can be added to system pidfe or cshrcfiles or their
equivalents.

2.6 THE QCHEM.SETUPFILE

When sourced on login from theshrc(or .profile, or equivalent), the gchem.setup(.sh)

file makes a number of changes to the operating environment to enable the user to fully

exploit Q-Chem capabilities, without adversely affecting any other aspect of the login

session. The file:

» defines a number of environment variables used by various parts of the Q-Chem
program

» sets the default directory fQRCAUX if not already defined

* adjusts the?ATHenvironment variable so that the user can access Q-Chem’s
executables from the users working directory

» checks that the Q-Chem varialid)>PLATFORNMhas been appropriately set.
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2.7 RUNNING Q-CHEM

Once installation is complete and any necessary adjustments are made to the user
account, the user is now able to run Q-Chem. There are two ways to invoke Q-Chem:
* gchemcommand line shell script

» supported Graphical User Interface

Using the Q-Chem command line shell scrgquhem is straightforward provided

Q-Chem has been correctly installed on your machine and the necessary environment
variables have been set.ashrcor .profile (or equivalent) login files. If done correctly,
necessary changes will have been made t&&EH variable automatically on login so
that Q-Chem can be invoked from your working directory. ¢teemshell script can be
used in either of the following ways:

gchem infile outfile

gchem infile outfile save

whereinfile is the name of a suitably formatted Q-Chem input file (detailed in Chapter
3), and theoutfile is the name of the file to which Q-Chem will place the job output
information.

Note: If the outfile already exists in the working directory, it will be overwritten.

The use of theavecommand line variable allows the saving of key files between runs
and is necessary when instructing Q-Chem to read information from previous jobs. By
default, Q-Chem deletes its intermediate files at the end of a run.

The name of the input parametarfle, outfile andsavecan be chosen at the discretion
of the user (usual UNIX file and directory name restrictions apply). It maybe helpful to
use the same jobname fafile andoutfile, but with varying suffixes. For example:

localhost-1> gchem water.input water.output &

invokes Q-Chem where the input is taken fneater.inputand the output is placed into
water.output The& places the job into the background so that you may continue to work
in the current shell.

localhost-2> qchem water.com water.log water &

invokes Q-Chem where the input is assumed to resid@ter.com the output is placed
into water.logand scratch files are saved in a direc®QCSCRATCH/water/

For information regarding running Q-Chem using the supported GUIs, refer to the guide
supplied with the GUI.
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2.8 TESTING Q-CHEM

Q-Chem is shipped with a small number of test jobs, which are situated in the
$QC/sampleslirectory. If you wish to test your version of Q-Chem, run the test jobs in
the samples directory and compare the output files with the reference files (sutixed
of the same name.

These test jobs are not an exhaustive quality control test (a small subset of the test suite
used at Q-Chem, Inc.), but they should all run correctly on your platform. However, if
any fault is identified in these or any output files created by your version, do not hesitate
to contact customer service immediately.
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CHAPTER 3 Q-CHEM INPUTS

3.1 GENERAL FORM

A graphical interface is the simplest way to control Q-Chem. However, the low level
command line interface is available to enable maximum customization and user
exploitation of all Q-Chem features. The command line interface requires a Q-Chem
input file which is simply an ASCII text file. This input file can be created using your
favourite editor €.9.vi, emacs, jotetc) following the basic steps outlined in the next
few chapters.

Q-Chem’s input mechanism uses a seridgegfvords to signal user input sections of the
input file. As required, the Q-Chem program searches the input file for supported
keywords. When Q-Chem finds a keyword, it then reads the section of the input file
beginning at the keyword until that keyword section is terminféedl A short

description of all Q-Chem keywords is provided in Figure 3.1. Themsstunderstand

the function and format of tHgmoleculg(section 3.2) an8irem(section 3.5) keywords,

as these keyword sections are where the user places the molecular geometric information
and job specification detalils.

The keywords$remand $moleculeare requisites of Q-Chem input files.

As each keyword has a different function, the format required for specific keywords
varies somewhat, to account for the different specialised information (format
requirements are summarised at the end of this chapter). But, because each keyword in
the input file is sought out independently by the program as the information is required,
the overall format requirements of Q-Chem input files are much less strieggnt.is

not necessary to enter a user-defined basis set in a particular part of the input, if it is
contained within the appropriate keywof&bésig section and in the correct format.
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$molecule Contains the molecular coordinate input (input file |I
requisite) i

$end Terminates each keyword section |
$rem Job specification and customization parameters (inpill
file requisite) i

$basis Basis set information for user-defined basis sets (sefj
Chapter 6) i

$comment User comments for inclusion into output file |
$external_charges External charge